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OFF- AXIS IMAGE PROJECTING SYSTEM 
BACKGROUND OF THE INVENTION 

Field of Invention 

[0001] The present invention relates to an image projecting system. More par- 
ticularly, the present invention relates to an off-axis image projecting system, which has 
low fabrication cost and high image quality. 

Description of Related Art 

[0002] The image projecting system based on reflection type liquid crystal dis- 
play (LCD) device usually is categorized into on-axis image projecting system and off- 
axis projecting system. Wherein, with respect to the on-axis image projecting system, 
both the illuminating beam and the image-formation beam are traveling along the same 
path. In this situation, it is necessary to implement a polarization splitter on the path. 
However, it has several issues for the polarization splitter that the fabrication is rather 
difficult and expensive, and the projecting system occupies a large space. In compari- 
son with the off-axis image projection system, the illuminating beam and the image- 
formation beam are traveling along different paths. This can prevent the issues to im- 
plement the polarization splitter. 

[0003] FIG. 1 is a drawing, schematically illustrating a conventional off-axis im- 
age projecting system. In FIG. 1, for convenience in descriptions, only the green chan- 
nel is shown. The off-axis image projection system includes am illuminating source 
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102, an X plate formed by two color screen plates 150(r) and 150(b), a polarizing plate 
104 (r, g, b), a field lens 140 (r, g, b), a reflective displaying device 108 (r, g, b), an 
analyzer 1 10 (r, g, b), a color cube 160, and a projecting lens set 1 14. The illuminating 
source 102 can produce a white light beam, which is split into red, green, and blue com- 
5 ponents when passing the X plate. The green light is shown in FIG. 1 as the example. 
The illuminating beam 116(g) travels through the polarizing plate 104(g) and along the 
light path 118(g) to be incident onto the reflective displaying device 108(g) by a non- 
vertical incident angle. After the light beam 1 16(g) is modulated by the reflective dis- 
playing device 108(g) and is reflected, an image-formation beam 120(g) is formed. This 

10 image- formation beam 120(g) travels along the light path 122(g) through the field lens 
140(g), the analyzer 110(g) and color cube 160, and then reaches to the projecting lens 
set 114 and is reflected. The red and blue light beams (not shown) are also respectively 
travel through the polarizing plate 1 04(r, b), the reflective displaying device 1 08(r, b), 
the field lens 108(r, b), the analyzer 1 10(r, b), and the color cube 160, and then reach to 

15 the projecting lens set 1 14 and are reflected. After the image-formation beams 120 (r, g, 
b) in three colors are combined by the color cube 160, they enter the projecting lens set 
114. 

[0004] However, in the foregoing off-axis image projection system, since the 
light path 1 18 (r, g, b) of the illuminating beam and the light path 122 (r, g, b) of the im- 
20 age-formation beam are not at the same path, with respect to the axis direction of the 
color cube 160 and the projecting lens set 1 14, the reflective displaying device 108(r, g, 
b) and the color cubic are not parallel but have an angle. In this manner, the light cone 
angle for entering the reflective displaying device 108(r, g, b) is relatively large and 
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asymmetric, causing a difficulty to adjust aberration, image clearness, dispersion of pix- 
els, uniformity, and contrast. In order to solve the foregoing problems, when the lens is 
designed, a projection lens set is added to planar plate 130. In this manner, it increases 
the difficulty in lens design and the installation. The fabrication cost for forming the 
5 lens increases. 

[0005] In addition, in the foregoing off-axis image projection system, since the 
reflective displaying device 108 (r, g, b) and the color cube 160 are not parallel, and the 
incident light beam 1 16(g) travels through the X plate by a tilt angle. The X plate needs 
to coat the films in two axis directions. However, it is also difficult to fabricate the X 
10 plate. The fabrication cost is then high. 


SUMMARY OF THE INVENTION 
[0006] The invention provides an off-axis image projection system, in which the 
fabrication difficulty and cost can be effectively reduced. 
15 [0007] The invention provides an off-axis image projection system, in which the 

image quality can be effectively improved. 

[0008] The invention provides an off-axis image projection system, in which the 
volume of the off-axis image projection system can be reduced. 

[0009] The invention provides an off-axis image projection system, at least in- 
20 eluding an illumination source, a reflective displaying device, a projecting lens set, and 
a first plate. The illumination source emits an illuminating beam. The reflective dis- 
playing device can modulate the illuminating beam to form a reflected image-formation 
beam. The reflected image-formation beam enters the projecting lens set along a light 
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path, and the first plate is disposed on the light path between the projecting lens set and 
the reflective displaying device. The illuminating beam from the illuminating source is 
incident onto the first plate, and then the first plate reflects the illuminating beam to the 
reflective displaying device by a non-zero incident angle. The reflected image- 
formation beam can travel through first plate and enter the projection lens set. 

[0010] In addition, with respect to the off-axis image projection system in color, 
the off-axis image projection system can further include a plurality of reflective dis- 
playing devices, a color splitter, a color combination device and a plurality of first 
plates. The reflective displaying devices are respectively related to the color illuminat- 
ing beams. By modulating the related color illuminating beams, a plurality of color im- 
age-formation beams in relation are formed. The color splitter is implemented between 
the illuminating source and the reflective displaying devices. The illuminating source is 
split by the color splitter to have the color illuminating beams, which are respectively 
incident onto the related reflective displaying devices. The color combination device is 
implemented between the reflective displaying devices and the projection lens set, 
wherein the color combination device can combine the color image-formation beams to 
form the reflected image-formation beam. The first plates are respectively disposed on 
the related light path between the projection lens set and the reflective displaying de- 
vice. The color image-formation beams, split by the color splitter, are respectively inci- 
dent to the related first plates, and then the first plates reflect the color image-formation 
beams to the related reflective displaying devices by a non-zero incident angle. The 
color image-formation beams can respectively travel through the first plates and enters 
the color combination device. 
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[001 1] Moreover, in the foregoing color off-axis image projection system, it can 
further include a plurality of second plates, which are respectively implemented between 
the color splitter and the related reflective displaying devices. The second plates allow 
the illuminating beam to be incident to the color splitter by perpendicular incidence. In 
5 addition, the split color illuminating beams are respectively incident to the related sec- 
ond plates and reflected to the related first plates. 

[0012] Also and, in the foregoing off-axis image projection system, the first 
plate and the related light path form an angle by a ranges of greater than —45 ° and less 
than 0° as well greater than 0 0 and less than 45°. 

10 [0013] The invention also provides an off-axis image projection system, at least 

including an illumination source, a plurality of reflective displaying devices, a project- 
ing lens set, a color splitter, a color combination device, and a plurality of plate sets. 
The illumination source emits an illuminating beam. The reflective displaying devices 
are respectively related to the color illuminating beams. By modulating the related col- 

15 or illuminating beams, a plurality of color image- formation beams in relation. There is 
a light path between each of the projecting lens set and the reflecting-type displaying 
device. The color splitter is implemented between the illuminating source and the re- 
flecting-type displaying device. The light beam form the illuminating source is split by 
the color splitter to have color illuminating beams, which are respectively incident to the 

20 related reflecting-type displaying device. The color combination device is implemented 
between the reflecting-type displaying device and the projecting lens set. The color 
combination device can combine the color image-formation beams into an image- 
formation beam and enter the projecting lens along light path. The plate sets are re- 
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spectively implemented between the color splitter and the reflecting-type displaying de- 
vice. The plate sets allow the illuminating beam to be incident the color splitter by per- 
pendicular incidence. The split color illuminating beams are respectively incident to the 
related plate sets. The plate sets then respectively reflect the beam to the reflective dis- 
5 playing device by a non-zero incident angle. 

[0014] In addition, in the foregoing off-axis image projection system, each of the 
plate sets includes a first plate and a second plate. The color illuminating beams are re- 
spectively enters the related second plates and reflected to the related first plates. The 
first plates then reflect the beam to the reflective displaying device. 

10 [0015] According to the foregoing descriptions, the first plate is implemented 

between the reflective displaying device and the projecting lens set. The illuminating 
beam is incident to the first plate and is reflected to the reflective displaying device, so 
that the light cone angle for the illuminating beam to enter the reflective displaying de- 
vice is further reduced. This can solve the issues of aberration, image clarity, pixel dis- 

15 persion, brightness uniformity, and contrast, and further improve the image quality. 

[0016] In addition, since the first plate is implemented between the reflective 
displaying device and the projecting lens set, and the first plate is disposed on the light 
path of the image-formation beam, the first plate can effectively reduce the aberration in 
the image-formation beam. 

20 [0017] In addition, the first plate is implemented on the light path between the 

reflective displaying device and the projecting lens set. Since it is not difficult to fabri- 
cate the first plate between the reflective displaying device and the projecting lens set, 
and it is not necessary to assemble the plate in the projecting lens set, the lens design 
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and fabrication for the projecting lens set is rather easy. The fabrication cost is then 
reduced. 

[0018] Further still, since the invention implements the first plate on the light 
path between the reflective displaying device and the projecting lens set, the amplifica- 
5 tion power of the field lens can be reduced. The variation of amplification power at the 
corner of image can be then reduced. This allows the adjustment at the corner of image 
to be easily done. 

[0019] Further still, the invention implements the plate set, such as the first plate 
and the second plate, on the light path between the reflective displaying device and the 

10 projecting lens set. Due to the plate set, the illuminating beam can be adjusted to be 
perpendicularly incident to a plane of the X plate. As a result, the process of grading 
coating film on the X plate only needs the coating film in a single axis direction. This 
makes the fabrication of the X plate to be easier and the cost to be reduced. 

[0020] Further still, the invention implements the plate set between the reflective 

15 displaying device and the projecting lens set. Due to the plate set, the light path of the 
illuminating beam in the direction perpendicular to the image projection system can be 
folded. This allows the volume of the image projection system to be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 [0021] The accompanying drawings are included to provide a further under- 

standing of the invention, and are incorporated in and constitute a part of this specifica- 
tion. The drawings illustrate embodiments of the invention and, together with the de- 
scription, serve to explain the principles of the invention. 
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[0022] FIG. 1 is a drawing, schematically illustrating a conventional off-axis im- 
age projecting system in green channel. 

[0023] FIG. 2 is a drawing, schematically illustrating an off-axis image project- 
ing system in green channel, according to one preferred embodiment of this invention. 

[0024] FIG. 3 is a drawing in top view, schematically illustrating an off-axis im- 
age projecting system with full channels, according to one preferred embodiment of this 
invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0025] FIG. 2 is a drawing, schematically illustrating an off-axis image pro- 
jecting system in green channel, according to one preferred embodiment of this inven- 
tion. FIG. 3 is a drawing in top view, schematically illustrating an off-axis image pro- 
jecting system with full channels, according to one preferred embodiment of this inven- 
tion. The off-axis image projection system at least includes an illuminating source 202, 
an X plate 250 serving as a color splitter, plates 270 and 280, a filed lens 240 (r, g, b), 
an reflective displaying device 208, color cube 260 serving as a color combination de- 
vice, and a projecting lens set 214. 

[0026] In FIG. 2 and FIG. 3, the illuminating source 202 can emit an illumi- 
nating beam 216, which travels along a light path 218 through the X plate 250. 

[0027] The X plate 250 is composed of a dichromatic screen plate, such as the 
green screen plate 250 (r) and the blue screen plate 250(b), so as to split the illuminating 
beam 216 into red, green, and blue components to form the illuminating beams 216(r, g, 
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b). Then, the illuminating beams 216(r, g, b), split by the X plate 250, respectively 
travel along the light paths 218(r, g, b) and reach to the plate 270. 

[0028] In addition, a polarizing plate 204(r, g, b) can be implemented on the 
light path 218 (r, g, b) between the X plate 250 and the plate 270. The polarizing plate 
5 204(r, g, b) is used to linearly polarize the illuminating beam 216(r, g, b) to a first po- 
larizing state with respect to the transmission axis of the polarizing plate 204(r, g, b). 

[0029] The plate 270 reflects the illuminating beam 216(r, g, b), which has the 
first polarizing state, and is formed by, for example, a polarizing plate or other material 
being able to reflect the illuminating beam 216(r, g, b). 

10 [0030] It should be noted that, by implementation of the plate 270, the illumi- 

nating beam 216 can be adjusted to be perpendicularly incident to the X plate 250 but 
not the incident by an non-perpendicular angle in the conventional situation. As a re- 
sult, the process of grading coating film on the X plate 250 in the invention only needs 
the grading coating film in single axis. It is not necessary to form the grading coating 

15 film in two axes. Fabrication of the X plate 250 is easier and cost is effectively reduced. 

[0031] Still referring to FIG. 2 and FIG. 3, the reflected illuminating beam 
220(r, g, b), which has been reflected by the plate 270, travels along the light path 222(r, 
g, b) and reaches to the plate 280. The illuminating beam 224(r, g, b) reflected by the 
plate 280 then travels along the light path 226(r, g, b) through the field lens 240(r, g, b) 

20 and reaches to the reflective displaying device 208 (r, g, b). Then, the illuminating 
beam 224(r, g, b) is modulated by the reflective displaying device 208 (r, g, b) to pro- 
duce the image-formation beam 228(r, g, b), which is reflected and travels along the 
light path 230(r, g, b), and then reaches to the color cube 260. It should be noted that, as 
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shown in FIG. 3 at top view, the light path 222(r, g, b), the light path 226(r, g, b), and 
the light path 230(r, g, b) are at the same cross-sectional plane (perpendicular to the top 
view drawing) in overlapping. However, for easy understanding, the three light paths 
are shown in separated lines in FIG. 3, not on the same plane. 
5 [0032] Wherein, the field lens 206(r, g, b) is disposed adjacent to the reflective 

displaying device 208(r, g, b). The field lens 206(r, g, b) allows the illuminating beam 
224 (r, g, b) to enter the reflective displaying device 208(r, g, b) by a reduced light cone 
angle (not shown), so as to further reduce the aberration. The field lens 206(r, g, b) also 
allows the image-formation beam 228(r, g, b) to be adjusted, so that the light path 230(r, 

10 g, b) is consistent with the optical axis of the projecting lens set 214. 

[0033] The reflective displaying device 208(r, g, b) includes, for example, a re- 
flection-type liquid crystal display (LCD) device, and is controlled by a control system 
from, for example, computer or a video signal source (not shown). The reflective dis- 
playing device 208(r, g, b) can modulate illuminating beam 224(r, g, b) at the selected 

15 portion in polarization state for forming the image- formation beam 228(r, g, b). 

[0034] The plate 280 is disposed on the light path 230(r, g, b) between the pro- 
jection lens set 214 and the reflective displaying device 208, wherein the plate 280 can 
tilt form the light path 230(r, g, b) by an angle in a range of greater than -45 ° and less 
than 0° as well greater than 0 ° and less than 45°. The plate 280 has the function for 

20 processing polarization and adjusting the compensation. In the embodiment, the plate 
280 can reflect the illuminating beam 220(r, g, b) with the first polarization state from 
the plate 270 but allow the image-formation beam 228(r, g, b) from the reflective dis- 
playing device 208 (r, g, b) to pass. The image-formation beam 228(r, g, b) is also ad- 
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justed and compensated to reduce the aberration. The plate 280 includes, for example, 
glass plate, polarization plate, or any element capable perform the foregoing function. 

[0035] It should be noted that, by the implementation of the plate 280 (having 
three plates respectively on the light paths 230(r, g, b)), the image-formation beams 
228(r, g, b) can be separately adjusted and compensated. Since the fabrication to im- 
plement the plates 280 on light paths 230(r, g, b) is not difficult, in comparison with the 
conventional assembly that the plates are assembled within the projecting lens set, the 
invention has easier fabrication process and low cost 

[0036] In addition, by adjusting the angle between the plate 280 and the light 
path 230(r, g, b), the reflective displaying device 208 can be parallel or with a small an- 
gle with the color cube 260. Also and, since the light cone angle of the light beam inci- 
dent to the reflective displaying device 208 is relatively small, the issues of the aberra- 
tion, the image clarity, the pixel dispersion, uniformity and the contrast can be solved, 
and the image quality is then improved. 

[0037] Furthermore, an analyzer 210(r, g, b) can be implemented on the light 
path 230 (r, g, b) between the reflective displaying device 208(r, g, b) and the color cube 
260. The analyzer 210(r, g, b) includes, for example, a linear polarizing plate, so as to 
allow the projection system can be at least operated between two different modes. For 
example, according to the situation whether or not the analyzer 210 (r, g, b) and the 
transmission line of the polarizing plate 204(r, g, b) are parallel or perpendicular, it is 
determined that the image- formation beam to pass for the portion with modulation or 
the portion without modulation. However, since the plate 280 of the invention has the 
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function to process polarization, function of the analyzer 210 (r, g, b) can be replaced by 
properly design the plate 280. 

[0038] In FIG. 2 and FIG. 3, the image-formation beam 228(r, g, b), incident to 
the color cube 260, is combined by the color cube 260 to form the color image- 
formation beams 228. The image-formation beams 228 enters the projecting lens set 
214, and the projecting lens set 214 receives and focuses the image-formation beams 
228, and the project an image to a displaying surface (not shown). 

[0039] In the foregoing embodiment, the reflective displaying device use the 
reflection-type LCD. However, the invention is not limited to this application. Another 
type of displaying device with variable planar device can be used to replace the reflec- 
tive displaying device. In addition, the color splitter is not limited to the X plate. An X 
cube can, for example, replace the X plate. 

[0040] Moreover, in the foregoing embodiment, The plate 270 and the plate 280 
can be considered as a plate set. It has been sufficient in function for the plate set that 
the plate set to allow the split color beams to respectively enter the related reflective 
displaying device after the light beam is perpendicularly entering the X plate. The plate 
280 is not necessary to be always disposed on the light path between the projection lens 
set and the reflective displaying device. The number of plates in the plate set can also 
be changed according to the actual design. 

[0041] In conclusions, the invention at least has the advantages as follows: 

[0042] In the invention, since the plate 280 is implemented between the reflec- 
tive displaying device and the projection lens set, the illuminating beam is incident to 
the plate 280 and is reflected to the reflective displaying device. As a result, the light 
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cone angle for the illuminating beam to enter the reflective displaying device is further 
reduced. This can solve the issues of aberration, image clarity, pixel dispersion, bright- 
ness uniformity, and contrast, and further improve the image quality. 

[0043] In the invention, since the plate 280 is implemented between the reflec- 
5 tive displaying device and the projecting lens set, and the plate 280 is disposed on the 
light path of the image- formation beam, the plate 280 can effectively reduce the aberra- 
tion in the image-formation beam. 

[0044] In the invention, the plate 280 is implemented on the light path between 
the reflective displaying device and the projecting lens set. Since it is not difficult to 
10 fabricate the plate 280 between the reflective displaying device and the projecting lens 
set, and it is not necessary to assemble the plate 280 in the projecting lens set, the lens 
design and fabrication for the projecting lens set is rather easy. The fabrication cost is 
then reduced. 

[0045] In the invention, since the invention implements the plate 280 on the light 
15 path between the reflective displaying device and the projecting lens set, the amplifica- 
tion power of the field lens can be reduced. The variation of amplification power at the 
corner of image can be then reduced. This allows the adjustment at the corner of image 
to be easily done. 

[0046] Further still, the invention implements the plate set, such as the plate 270 
20 and the plate 280, on the light path between the reflective displaying device and the 
projecting lens set. Due to the plate set, the illuminating beam can be adjusted to be 
perpendicularly incident to a plane of the X plate. As a result, the process of grading 
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coating film on the X plate only needs the coating film in a single axis direction. This 
makes the fabrication of the X plate to be easier and the cost to be reduced. 

[0047] Further still, the invention implements the plate set between the reflective 
displaying device and the projecting lens set. Due to the plate set, the light path of the 
5 illuminating beam in the perpendicular direction to the image projection system can be 
folded. This makes the volume of the image projection system be reduced. 

[0048] It will be apparent to those skilled in the art that various modifications 
and variations can be made to the structure of the present invention without departing 
from the scope or spirit of the invention. In view of the foregoing, it is intended that the 
10 present invention covers modifications and variations of this invention provided they 
fall within the scope of the following claims and their equivalents. 


14 


